THE INVESTIGATION OF DISLOCATION PHOTODAMPING IN NaCl WITH F-CENTERS
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A b s t r a c t . -The mechanism of d . i s l o c a t i o n photodamping i n N a C l w i t h F-centers i s i n v e s t i g a t e d by means of simultaneous measurements of t h e amplitude dependent i n t e r n a l f r i c t i o n and t h e d i s l o c a t i o n charge. The d i s l o c a t i o n photodamping i s confirmed t o a r i s e from l i g h t -i n d u c e d g e n e r a t i o n of p i n n i n g p o i n t s , and t h e p i n n i n g p o i n t s n a t u r e and c o n d i t i o n s of t h e i r f o r m a t i o n a r e s t u d i e d . On t h e base of t h e experimental d a t a t h e model of t h e d i s l o c a t i o n photodamping i s proposed.
I n t r o d u c t i o n . -A s it i s known [l] , t h e i l l u m i n a t i o n of coloured a l k a l i h a l i d e s w i t h d i s l o c a t i o n s l e a d s t o t h e d i s l o c a t i o n photodamping, i.e. t o t h e a d d i t i o n a l h i n d e r i n g of t h e d i s l o c a t i o n movement.
The d i s l o c a t i o n photodamping i s shown t o a r i s e from t h e l i g h t -i n d uced g e n e r a t i o n of t h e p i n n i n g p o i n t s . However, t h e e x a c t mechanism by which t h i s o c c u r s and t h e n a t u r e of t h e p i n n i n g p o i n t i s s t i l l u n c e r t a i n . The purpose of t h i s r e s e a r c h i s t o i n v e s t i g a t e t h i s problem u s i n g simultaneous measurements of t h e d i s l o c a t i o n charge and t h e amplitude dependent i n t e r n a l f r i c t i o n , t h e l a t t e r b e i n g s t r o n gl y dependent on t h e number of p i n n i n g p o i n t s on d i s l o c a t i o n s and, a l s o , on t h e b i n d i n g energy between a d i s l o c a t i o n and a p i n n i n g p o i n t .
Experimental procedure. -The amplitude dependent d i s l o c a t i o n damping, modulus d e f e c t and d i s l o c a t i o n charge were measured by t h e four-component p i e z o e l e c t r i c r e s o n a t o r , o p e r a t i n g a t 100 KKz. The d e s c r i p t i o n of t h e a p p a r a t u s and measuring procedure a r e g i v e n e l s ewhere c23, It should be noted, t h a t t h e i d e a of t h e d i s l o c a t i o n charge measurement h e r e i s based on t h e f a c t , t h a t o s c i l l a t i n g charged d i s l o c a t i o n i n d u c e s on t h e o p p o s i t e specimen f a c e s an a l t e r n a t i n g v o l t a g e , which is p r o p o r t i o n a l t o t h e d i s l o c a t i o n charge l 3 , l q .
The specimens used were NaCl s i n g l e c r y s t a l s , )(-irradiated Up t o 6 conducted i n t h e t e m p e r a t u r e r a n g e from 200 t o 300 K.
m. 1 : a ) The amplitude dependences of 8 andAf"!/P of t h e same specimen a f t e r F -l i g h t exposures of t h e d i f f e r e n t durat i o n . The measurements were done 30 minutes a f t e r t h e l i g h t was switched o f f . l-bef o r e t h e exposure, 2-the P -l i g h t exposure -1 min, 3-the F-Light exposure -9 min.
b) The amplitude dependent decrement 5 and modulus d e f e c t
M?/t' v e r s u s t h e i l l u m i n a t i o n time.
Experimental r e s u l t s . -A s it is seen from F i g .
l ( b ) , t h e i l l u m i n at i o n of t h e p l a s t i c a l l y b e n t specimens l e a d s t o t h e s h a r p d e c r e a s e
of t h e amplitude dependent decrement 8 and modulus d e f e c t A F /~ .
l h e n t h e l i g h t i s switched o f f , 6 and^("/(" p a r t l y r e c o v e r , t h e time of t h i s r e c o v e r y b e i n g a b o u t 1-2 minutes a t room temperature. One can s e e from Big. l ( b) , t h a t t h e change of 8 and A~YP d u r i n g recov e r y i s small ss compared t o t h e t o t a l change of 6 a n d A w P a f t e r t h e i l l u m i n a t i o n . Thus,
one can t h i n k t h a t a l i g h t exposure of t h e p l a s t i c a l l y b e n t coloured c r y s t a l s l e a d s t o t h e f o r m a t i o n on t h e disl o c a t i o n l i n e of two k i n d s of photopinners, t r a n s i e n t ones, t h a t d i s a p p e a r a f t e r t h e i l l u m i n a t i o n is stopped, and permanent o n e s , t h a t a r e p r e s e r v e d f o r a l o n g t i m e a f t e r t h e i l l u m i n a t i o n is stopped. To e s t a b l i s h t h e n a t u r e of t h e p h o t o p i n n e r s , i t i s n e c e s s a r y t o know how t h e photopinning s t r e n g t h depends upon t h e i l l u m i n a t i o n time.
Such experiments were conducted i n t h e f o l l o w i n g way. The specimen was s u b j e c t e d t o t h e F -l i g h t exposure of some d u r a t i o n , t h e n t h e i l l u m i n a t i o n was stopped, and t h e amplitude dependent decrement 6 and modulus d e f e c t~p / @ were measured 30 min a f t e r t h e l i g h t was switched o f f . The l a t t e r i s done t o p r e s e r v e t h e permanent p i n n e r s only. Fig. l ( a ) shows t h e amplitude dependences of 8 a n d~p / p aft e r t h e P -l i g h t exposures of t h e d i f f e r e n t d u r a t i o n s . One can s e e , t h a t t h e l o n g e r t h e d u r a t i o n i s , t h e s t r o n g e r 8 a n d~r / p decrease.
TO d e t e r m i n e t h e b i n d i n g energy between t h e permanent photopinn e r s and d i s l o c a t i o n s and t h e photopinner d e n s i t y on t h e d i s l o c a ti o n l i n e , t h e amplitude dependences of 6 anddp/? were measured a t d i f f e r e n t temperatures. A t first, t h e u n i l l u m i n a t e d specimen was measured, t h e n t h e same specimen was i l l u m i n a t e d d u r i n g 1 min, and t h e amplitude dependences were measured again. I t i s found, t h a t t h e amplitude dependences of both u n i l l u m in a t e d and i l l u m i n a t e d c r y s t a l s a r e t h e r m a l l y a c t i v a t e d i n t h e temp e r a t u r e r a n g e used. It 
a l l o w s one t o u s e t h e Indenbom-Chernov t h eo r y 151 of t h e t h e r m a l l y a c t i v a t e d d i s l o c a t i o n breakaway from pinn i n g p o i n t s f o r t h e i n t e r p r e t a t i o n of t h e r e s u l t s obtained. It should have been expected t h a t d u r i n g i l l u m i n a t i o n t h e p r e e x i s t i n g p i n n e r s would become s t r o n g e r , t h a t should l e a d t o decrement decrease. However, t h e c o n s i d e r a t i o n of t h e experimental d a t a i n terms of t h e Indenbom-Chernov t h e o r y shows t h a t , i n f a c t , t h e a d d i t i o n a l pinn i n g p o i n t s were c r e a t e d d u r i n g i l l u m i n a t i o n . The binding e n e r m between d i s l o c a t i o n s and a new p i n n i n g p o i n t c a l c u l a t e d on t h e base of t h e Indenbom-Chernov t h e o r y g i v e s l t / @ 0 , 3 5 ev. I t should be noted, t h a t t h e b i n d i n g energy of t h e p r e e x i s t i n g p i n n i n g p o i n t w i t h a d i sl o c a t i o n p r o v e s t o be p r a c t i c a l l y t h e same.
I n o r d e r t o e s t a b l i s h t h e n a t u r e of p h o t o p i n n e r s it i s v e r y imp o r t a n t t o u n d e r s t a n d t h e r o l e of d i s l o c a t i o n charge i n t h e photop i n n e r formation. That i s why t h e simultaneous measurements of t h e amplitude dependent 8 and d i s l o c a t i o n charge q were performed a t I N 2 4 0 K. The t e m p e r a t u r e chosen was low enough t o exclude any d i ff u s i o n -c o n t r o l l e d p r o c e s s e s which a r e shown t o p l a y a n e s s e n t i a l s o l e i n t h e f o r m a t i o n of t h e d i s l o c a t i o n charge . Apart from t h a t , t h e r e c o v e r y of t h e amplitude dependent damping a f t e r i l l u m in a t i o n i s suppressed a t t h e s e temperatures.
The r e s u l t s of simultaneous measurements of 8 and$ d u r i n g ill u m i n a t i o n a r e shown i n Fig.2 . It i s seen, t h a t t h e decrement decrea s e is accompanied by an i n c r e a s e of t h e n e g a t i v e d i s l o c a t i o n charg e magnitude. A s seen, t h e dependences of 6 and % upon t h e i l l u m i n a t i o n t i m e a r e r a t h e r similar. Both c u r v e s change monotonousl y and r e a c h t h e s a t u r a t i o n v a l u e s s i m u l t a n e o u s l y w i t h i n 1-2 min a f t e r t h e l i g h t i s switched on. A s t h e s a t u r a t i o n v a l u e s a r e reached, b o t h 8 a n d % do n o t v a r y i n s p i t e of t h e f a c t t h a t t h e i l l u m i n a t i o n s t i l l g o e s on and t h e r e i s a g r e a t number of F-centers i n t h e b u l k of t h e c r y s t a l . By comparing t h e d i s l o c a t i o n charge change^$ caus e d by i l l u m i n a t i o n w i t h t h e corresponding change of t h e photopinn e r d e n s i t y on d i s l o c a t i o n l i n e A C , d e f i n e d i n terms of t h e Inden- bom-Chernov t h e o r y [5) , one can show, t h a t AC &A % (Fig, 3 ) . Thus,
t h e number of photopinners c o r r e l a t e s w e l l w i t h t h e d i s l o c a t i o n charge d u r i n g i l l u m i n a t i o n . It should be emphasized t h a t t h e p h o t o p i~n e r g e n e r a t i o n occurs on13 i n t h e c a s e t h a t t h e n e g a t i v e d i s l o c a t i o n charge grows i n value.
Discussion. -A s it i s sbown r e c e n t l y C27 t h e d i s l o c a t i o n charge growth t o t h e l a r g e n e g a t i v e v a l u e s d u r i n g t h e i l l u m i n a t i o n of N a C l coloured c r y s t a l s a t 240 K is a s s o c i a t e d w i t h t h e -c a p t u r e of photoe l e c t r o n s by t h e emty t r a p s on a d i s l o c a t i o n l i n e . The anion vacanc i e s on t h e d i s l o c a t i o n l i n e a r e t h e most probable t r a p s . The concent r a t i o n of t h e anion v a c a n c i e s i n t h e v i c i n i t y of an edge d i s l o c a tion i s much h i g h e r than i n t h e bulk, because t h e edge d i s l o c a t i o n s a r e t h e s i n k s f o r t h e anion vacancies. The p h o t o e l e c t r o n s a r e t r a pped by t h e anion vacancies t o form F-centers and, t h e r e f o r e , t h e Fc e n t e r s c o n c e n t r a t i o n n e a r t h e d i s l o c a t i o n i s a l s o h i g h e r , than t h a t i n t h e bulk, The F-center c o n c e n t r a t i o n i n c r e a s e l e a d s t o t h e i r coag u l a t i o n and t o conversion i n t o some o t h e r c o l o u r c e n t e r s n e a r t h e d i s l o c a t i o n l i n e . From t h a t one can propose a model t o e x p l a i n t h e d i s l o c a t i o n photodamping process. The F-light exposure 09 t h e irrad i a t e d N a C l specimen w i t h d i s l o c a t i o n s causes t h e F-center coagulat i o n n e a r t h e d i s l o c a t i o n l i n e and t h e p h o t o l y t i c p r e c i p i t a t i o n of N a c o l l o i d s , which e f f e c t i v e l y p i n t h e d i s l o c a t i o n down. It is supposed, t h a t t h e permanent c e n t e r s a r e t h e f i n a l product &f t h e F-cent e r c o a g u l a t i o n , whereas t h e t r a n s i e n t c e n t e r s are i n t e r m e d i a t e prod u c t s of t h i s process. I n f a c t , t h e p r o p e r t i e s of t h e p e m a n e n t pho-
